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CHAPTER 
INTRODUCTION 
Oilseeds occupy an important position in Indian 
agriculture as they provide high nutritious human and animal 
food. The fatty acids contained in the seeds provide 2.5 
times more calories than carbohydrates. The non edible oils 
have many uses in industries, like soap, paints, varnish, 
hair oil, greases, lubricants, oil cakes, and their by 
products are used as cattle feed and manure. In human body, 
fats and oils act as a transport medium for vit. A,D,E and K 
(Anonymous, 1993). Some fats, especailly vegetable oils, 
provide what are called essential fatty acids to the human 
body. 
The rape-seed of commerce is obtained from the 
species of Brassica, member of cruciferae and within the 
genus there are some 160 species, mainly annual and biennial 
herbs. All plant parts, e.g. root, stem, leaf, inflorescence 
and seed contribute to their usefulness in one species or 
another. The term rape is derived from latin word "rapum" 
meaning turnip (Weiss, 1983). There are mainly nine oilseed 
crops namely, groundnut, rapeseed - mustard, soybean, 
sunflower, sesame, castorseed, nigerseed, linseed and 
safflower. In addition to these palm is also a source of 
oil. India has about 19.85 m ha under oilseed cultivation 
and ranks first in the world as far as area under 
groundnut, linseed, sesame and niger is concerned. It is 
third in the world in respect to acreage (3.73 m ha) under 
rape-seed mustard, Canada being the first followed by China. 
During the last few decades there is 'edible oil 
crisis' due to stagnant production of oil crops and country 
has to import edible oil every year on a large scale 
expending foreign reserves. 
The cause of low productivity of oilseeds in India 
is that 75 per cent of the farmers have small or marginal 
holdings of less than two hectares. Moreover, only 15 per 
cent of the area under oilseeds is irrigated as compared to 
72 per cent under wheat and 44 per cent under rice. Slow 
progress in developing high yielding varieties, 
post-harvested technology and lack of proper processing 
facilities are other causes of low productivity. In 
addition, oilseeds are more prone to pests and diseases 
compared with rice and wheat (Tripathi, 1993). The crop is 
attacked by a wide spectrum of insects from the seedling 
stage to maturity. The most damaging pests of rape are 
pollen beetles, seed-pod weevils and aphids which basically 
attack the reproduction part, while insects attacking the 
vegetative parts are less damaging and often more easily 
controlled. 
Rape produces many more flowers than pods, and it is 
reported that only 68 per cent of flowers produce pods 
(Williams and Free, 1979). Low temperature in the early 
vegetative stage is another major factor influencing flower 
bud development and thus seed yields. 
Various projects have been taken up to improve the 
oilseed production through All India Co-ordinated Oilseed 
Research Project. The Indian Council of Agricultural 
Research has established 62 research centres in different 
regions of the country to deal with different oilseed crops. 
Four research centres with Canadian assistance have been 
established to conduct research on rape-seed mustard. 
Ironically speaking not much self sufficiency has 
been achieved in the production of oil for which lot of 
foreign reserves are spent every year to import the oil and 
meet the daily requirements of the countrymen. The studies 
on the role of nutrients in crop growth and development has 
reached a plateau. Work done at Aligarh has also 
unequivocally proved that nutrients have paramount 
importance in regulating the crop growth and development. 
However, use of nutrients in the form of chemical 
fertilisers can not be continued as this involve expenditure 
of lot of energy and foreign reserves. The chemical 
fertilisers added to the soil when leached away also cause 
water pollution (eutrophication). 
The alternative therefore, left to boost the 
productivity of oilseed crop is to enhance the efficiency 
for harvesting solar energy and transporting the accumulated 
dry matter to the developing sink. 
In this regard plant growth regulators (PGRs) can 
play important role in enhancing the photosynthetic ability 
of the plant and utilization of available nutrients because 
of their well established role in growth, flowering and ion 
transport (Wareing and Phillips, 1978). These compounds 
illicit desired pattern of growth and are helpful for crop 
improvement. Potential of growth regulators have been 
exploited in rooting and propagation of saplings of fruit 
and ornamental plants. In China, extensive use of growth 
hormones for increased seed production of rice hybrids is 
being made. Growth regulators control, promote or retard 
flowering at a desired time and thus increase flower and 
fruit yields. Growth chamber and pot culture studies have 
showed that plant growth regulators affect the uptake and 
transportation of nutrients (Bostrack and Struckmeyer, 1964; 
Miiller and Leopold, 1966; Kannan and Mathew, 1970). Nutrient 
deficiency leads to the decrease in phytohormone activity 
and thus affects the growth of the crop (Menary and Staden, 
1976; Mulligan and Patrick, 1979; Salama and Wareing, 1979). 
These studies are however, limited to few crops and do not 
envisage oilseed crops, particularly mustard. It is, 
therefore, proposed to conduct five field experiments on 
mustard with the following objectives: 
1. To select best growth regulator and its concentration 
for higher growth, nutrient accumulation, yield and 
quality characteristics. 
2. To establish the most suitable growth stage for foliar 
spray of growth regulator selected in Experiment 1. 
3. To study the effect of foliar spray of growth regulator 
(selected in Experiment 1) on suitable growth stage 
(selected in Experiment 2) of plants grown with varying 
levels of basally applied nitrogen on performance of 
the crop. 
4. To find out the effect of foliar spray of growth 
regulator (selected in Experiment 1) on suitable growth 
stage (selected in Experiment 2) of plants grown with 
varying levels of phosphorus. 
5. To investigate the effect of foliar spray of growth 
regulator (selected in Experiment 1) on suitable growth 
stage (selected in Experiment 2) of plants grown with 
varying levels of potassium on the performance of the 
crop. 
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CHAPTER - 2 
REVIEW OF LITERATURE 
2.1 Plant hormones 
The definition of plant hormone originally 
proposed by Fitting (1909, 1910) has met with several 
difficulties in explaining the different responses and 
reactions of various synthetic and natural compounds. 
Since many synthetic chemicals, similar in structure and 
chemical properties affecting growth responses have come 
into account, therefore a clearcut terminology is 
required. Pincus and Thimann (1948) have proposed 
definitions for these two categories of substances. Plant 
hormone has been defined as "organic substances produced 
naturally in the higher plants, controlling growth or 
other physiological functions at a site remote from place 
of its production, and active in small amount." To 
distinguish it from animal hormone it was termed as 
phytohormone (Sircar, 1971). 
To overcome the difficulty in nomenclature and 
terminology Thimann(1937) as President of American 
Association of Plant Physiologists, appointed a committee 
for promising uniform definitions for different substances 
affecting plant growth. One of the important terms found 
to be of wide application was plant regulator. Thus the 
substances which regulate growth are called growth 
regulator (Sircar, 1971). 
The adaptation of the term growth regulator for 
all organic substances affecting growth and development 
was later criticized by Larsen (1955) and Audus (1959) for 
the simple reason that to regulate growth, it would mean 
that the substances should work accurately and regularly 
and many of the synthetic chemical compounds do not do. On 
the contrary, they subject to the concentration used, 
sometimes cause the opposite effect. According to them 
'growth substances' was better terminology for all organic 
compounds which at low concentration promote, inhibit or 
quantitatively modify growth. 
There are five groups of well accepted 
phytohormones. These includes auxins, gibberellins, 
cytokinins, abscisic acid and ethylene the brief 
description of which are given in the following pages: 
2.1.1 Auxins 
The term auxin was first used by Went (1937) who 
discovered that some unidentified compounds caused 
curvature of oat coleoptiles towards light. This curvature 
phenomenon is called phototropism. The presence of lAA in 
the phloem sap has been demonstrated by spectrometry 
(Allen and Baker, 1980). lAA supplied to mature exporting 
leaves of several species is transported at rates similar 
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to that of (C) glucose (Morris and Thomas, 1978) and 
accumulates at metabolic sinks. Auxins may be naturally 
occuring or synthetic (Fig. 1) lAA responses involve cell 
division, cell enlargement and cell differentiation. It was 
found that auxin-sensitive tissue in solutions of low pH 
promotes growth (Bonner, 1934) and this led to the 
formulation of "Acid-growth" hypothesis for growth (Hager 
et al. 1971). According to this hypothesis, lAA activates 
plasma membrane ATPase, thereby stimulating active proton 
efflux from the cell. This results in lowering of the pH of 
the solution bathing the cell walls and then activation of 
enzymes capable of hydrolysing wall polysaccharides to 
soften the wall results and this allow cell extension. 
The synthetic auxins have similar responses to lAA. 
The best known synthetic auxins are naphthalene acetic acid 
(NAA), indole-3-butyric acid (IBA), 2, 4-dichlorophenoxy 
acetic acid (2, 4-D), 2, 4, 5-trichlorophenoxy acetic acid 
(2, 4, 5-T) and 2 methyl-4-chlorophenoxy acetic acid (MCPA) 
Fig. 2. 
2.1.2 Gibberellins 
The gibberellins (GAs) are a large family of 
diterpene acids. They were originally isolated as 
metabolites of the fungus Fusarium moniliforme, the 
imperfect stage of Gibberella fujikuroi, and were shown to 
cause a wide range of often spectacular growth responses 
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when applied to intact plants. The GA^ are now known to be 
of wide spread, and of probably universal occurence in 
higher plants where they function as 'hormones'. Since its 
discovery, eighty four gibberellins have been extracted 
from different lower and higher plants (Salisbury and 
Ross, 1992). 
It is well established that plant hormones and 
growth regulators affect the synthesis of RNA and protein 
(Bewley and Black, 1979, Jacobsen,1977,Higgins, et a]^. , 1982) 
and gibberellins are in particular known to be involved in 
the synthesis of RNA and protein in fruits and seeds. The 
effect of GA^ on enzyme synthesis in cereal aleurone is 
regarded as a model system for the study of the molecular 
basis of hormone action in plants. The structures of some 
of the gibberellins are given in Fig. 3. 
2.1.3 Cytokinins 
The existence of specific substances which can 
control cell division in plants was postulated many years 
before these substances were finally discovered. The 
concept of chemical controllers of plant cell division can 
be traced back to Wiesner (1892) and Haberlandt (1913) 
credited to the first experimental evidence for the 
existence of such substances. He coined the word 'wound 
hormone' to describe the substance responsible for the 
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Structures of cytokinins 
Fig. 4 
10 
cell division inducing activity of the damaged tissue 
(Haberlandt, 1921) -
A highly active cell division inducing factor was 
isolated from autoclaved herring sperm DNA (Miller et^ al. 
1956). This compound was identified as 6-furfuryl-amino-
purine and was called kinetin. Kinetin was not a component 
of DNA but was derived from the break down and 
rearrangement of DNA during autoclaving. Synthetic kinetin 
was found to be a very potent promoter of cell division in 
the tobacco pith assay. Structure of kinetin and other 
compounds showing similar activity is shown in Fig. 4. 
2.1.4 Abscisic acid 
Liu and Cams (1961) isolated abscisin I from 
mature cotton fruits, which stimulated abscision of 
debladed cotton petioles. Similarly, another substance, 
abscisin II was extracted from young cotton fruits by 
Okhuma et ^ . (1963). Eagles and Wareing (1963) 
characterised 'dermin' which was extracted from birch 
leaves held under short day conditions. This substance 
when applied to the leaves of birch seedlings completely 
arrested its apical growth. In the year 1965, all the 
above substances (abscisin I, II and dormin) were found to 
be identical, therefore, termed as abscisic acid 
(ABA). 
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Abscisic acid involved in the induction and 
maintenance of dormancy is based on the observations that 
dormant potato tubers and resting buds of deciduous trees 
contained more ABA than those germinating or growing. 
Gibberellins and cytokinins antagonized the action of ABA 
in a number of bioassays and broke dormancy. Later work 
has established a correlation of ABA contents with 
dormancy. The amount of a growth-inhibiting material in 
wheat shoots increased dramatically in stress condition 
(Wright, 1969), which later on identified as ABA (Wright 
and Hiron, 1969). Abscisic acid content in bean (Phaseolus 
vulgaris), tomato (Lycopersicon esculentum), was high in 
water logged conditions. Chilling and salinity have also 
been found to cause an increase in ABA content but they 
are not as effective as wilting. Abscisic acid have three 
major effects, depending on the tissue involved. One is on 
the plasmamembrane of roots, another the inhibition of RNA 
synthesis (transcription) and the third an inhibition of 
protein synthesis (translation) (Salisbury and Ross, 
1992). 
2.1.5 Ethylene 
The Russain botanist Neljubow (1901) is believed 
to be the first man who recognised the growth-regulatory 
properties of ethylene (CJHA) - Later on, in 1930 it was 
recognised to have a wide variety of interesting effects 
12 
on plants and it was not until 1934, when that Gane in 
England first obtained positive proof that ethylene was a 
natural plant product. 
Ethylene is produced by all higher plants and in 
trace amounts interacts with the other plant hormones, 
especially auxin, to co-ordinate and regulate a wide 
variety of growth and developmental processes. The effect 
of ethylene are often spectacular as in the case of fruit 
ripening, abscission, breaking of dormancy, flowering and 
modification of sex expression. Ethylene as a plant 
hormone is unique in its structural simplicity and gaseous 
nature. 
2.2 Mineral nutrition 
The precise mineral composition of plants is of 
great interest when one consider the plants as a good 
source, because the absence or super abundance of certain 
elements may affect the food value of plant. However, with 
certain specific exceptions, the plant composition to a 
considerable extent reflects the fertility of the soil on 
which it grows. Evidently plants need carbon, hydrogen 
and oxygen, but these are inevitably available in the 
normal media of plant growth. Certain elements like 
calcium, magnesium, iron, potassium, nitrogen, phosphorus 
and sulfur are required by plants in relatively large 
13 
amounts and these in addition to carbon, hydrogen and 
oxygen are called macronutrients. Others such as 
manganese, boron, copper, zinc, molybdenum and chlorine 
and iron from the first list are required in small amounts 
and are called micronutrients or trace elements. American 
physiologists Arnon and Stout (1939) proposed the following 
criteria of essentiality for judging the exact status of a 
mineral in the nutrition of a plant. 
1. The element must be essential for normal growth or 
reproduction which can not proceed without it 
2. The element can not be replaced by another 
element 
3. The requirement must be direct and not the result 
of some indirect effect such as relieving toxicity 
caused by some other substances. 
In 1956, Glauber obtained saltpeter from cattle 
manure and found that it had great stimulating effect on 
plant growth. He concluded that fertility of the soil and 
the value of manures was entirely due to saltpeter (Bould, 
1963). Later, positive response to soil-applied nitrogen 
was also observed at Rothamsted Experimental Station in 
England (Russell, 1950). However, de Saussure (1804) was 
the first to emphasise the relationship between the 
minerals found in the soil and the plants growing in it. 
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In additon, Boussingault in France, Liebig in Germany and 
Lawes and Gilbert in England elaborated other aspects of 
mineral nutrition (Russell, 1950). 
By using water culture techniques, Sachs (1860) and Knop 
(1860) were able to demonstrate the importance of macro 
and micro nutrients. 
2.2.1 Nitrogen 
Its concentration in plants on the dry weight 
basis is approximately 1-3 percent (Salisbury and Ross, 
199 2). In addition to its absorption in the form of 
NOr, it is also taken up as NH^ ion. Once inside the 
plant, nitrogen is reduced and incorporated into diverse 
organic compound (Bandurski, 1965, Beevers and Hageman, 
1969). It is the most important plant constituent as it 
forms the major part of the protoplasm, protein etc. It is 
also an integral part of purines, pyrimidines that 
constitute ribonucleic acid (RNA) and deoxyribo nucleic 
acid (DNA) which are essential for protein synthesis and 
transfer of genetic information (Devlin and Witham, 1986). 
It is one of the constituents of porphyrins which are 
constituents of metabolically important substances such as 
chlorophylls and cytochromes. 
The deficiency of nitrogen results in stunted 
growth and yellowing of leaves on i^r-ormnt of loss of 
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chlorophyll. This yellowing of leaves is commonly called 
chlorosis. This is first observed in the older leaves and 
lastly in young leaves as nitrogen readily translocates 
from older leaves to younger leaves. Application of 
nitrogen to the soil increases the cation exchange capacity 
of plant root, and thus makes them more efficient in 
absorbing other nutrient ions (Tamhane et aj^., 1970). 
Excessive application of nitrogen results in increased 
leaf cell number and cell size. It also reduces flowering 
and seed formation in several crops and delays maturity 
(Curtis and Clark, 1950; Black, 1973). 
2.2.2 Phosphorus 
The approximate percentage in plants on dry weight 
basis is 0.2 (Salisbury and Ross, 1992). Phosphorus is 
absorbed by roots as monovalent (H_PO^) and divalent 
(HPOT~ ) anions from soil. The frequency of either ion 
present in the soil, is dependent upon the pH of the soil 
solution, lower pH favours H-POT"" ion and the higher pH, 
HP07 (Devlin and Witham, 1986). Phosphorus is the basic 
constituent of nucleic acids, phospholipids, phytin, 
pyridoxal phosphate and thiamine pyrophosphate, 
phosphorylated sugars and their intermediary metabolic 
products found in the glycolytic and alternative oxidative 
pathways (Nason and Mc Elroy, 1963). 
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Phosphorus plays indispensable role in energy 
metabolism being a component of ATP, NADP, and numerous 
other phosphorylated compounds. As constitutent of 
phospholipids, e.g. lecithin, phosphorus is believed to be 
present in cell membrane (Devlin and Witham, 1986). 
Pyridoxal phosphate is required for transamination system 
(Green et al^ . , 1945; Lichstein et al.. » 1945) and thiamine 
pyrophosphate is one among five essential factors required 
for the formation of acetyl co-enzyme A. Highest amount of 
phosphorus is found in meristematic parts, maturing seeds 
and fruits (Korkes £t al^ . , 1951; Gunsalus, 1954). 
Phosphorus deficiency causes premature leaf fall 
and purple or red anthocyanin pigmentation. The growth of 
both shoot and root is restricted, lateral shoots are few 
in number and lateral buds may die or remain dormant while 
blooming is greatly reduced. The leaves become dark blue 
green in colour and brown necrotic areas are developed on 
leaves and petioles. It also results in the accumulation 
of carbohydrates and soluble nitrogenous compounds 
(Hewitt, 1963). 
2.2.3 Potassium 
It is required in large amounts by plants. It 
constitutes about 1 percent of the plant on dry weight 
basis (Salisbury and Ross, 199?). Potassium acts as an 
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activator of various enzymes. Meristematic regions have 
high concentration of potassium. The enzyme that requires 
potassium (K^) as an activator include fructokinase, 
pyruvic acid kinase and transacetylase (Nason and Mc Elroy, 
1963). Potassium is essential for most metabolic 
processes, including glycolysis, oxidative phosphorylation 
and adenine synthesis (Evans and Sorger, 1966). Potassium 
is involved in the translocation of solutes moving 
actively across the sieve plate by electro-osmosis 
(Salisbury and Ross, 1992). It also helps in opening and 
closing of stomata (Fischer and Hsiao, 1968; Humble and 
Hsiao, 1969). 
Potassium deficiency results in chlorosis of 
older leaves first. Its deficiency causes necrosis, 
rosette or bushy habit of growth, weakening of stem, 
lowering resistance to pathogens and reduction in protein 
synthesis. 
Low molecular weight compound, such as sugars and 
aminoacids, accumulate to unusually high levels while 
proteins and polysaccharides are reduced (Hewitt, 
1963). 
2.3 Effect of interaction of plant growth substances and 
nutrients on performance of crops 
Individual effect of plant growth hormones and 
18 
nutrients on improving crop growth and development is 
studied in detail. However, the interaction effect of 
plant growth hormones and nutrients is limited. Therefore, 
in the following pages efforts have been made to review 
available literature on the interaction of plant growth 
substance and nutrients on the performance of crops. 
Palmer and Phillips (1963) conducted pot 
experiments on sunflower (Helianthus annuug) var. "Large 
Grey" in glass house to study the effect of terminal bud, 
indole acetic acid and nitrogen supply on the growth and 
orientation of the petiole of this plant. Experiments 1, 2 
and 3 were conducted using a horticultural peat-soil that 
was low in available nitrogen. Three week old plants were 
distributed in 6 groups. To three of the group nitrogen in 
the form of solution of ammonium sulphate was applied at 
the weekly rate of 50 mg/plant (low nitrogen) while the 
remaining other three groups were supplied with ammonium 
sulphate at the weekly rate of 300 mg/plant (high 
nitrogen). At each nitrogen level, various treatments were 
applied, commencing on the day when nitrogen was first 
added. The plants in one group were decapitated 
immediately above the 3rd node and a cap of lanoline was 
applied to the top of the stem. The plants in the second 
group were similarly treated, except that following 
decapitation, a paste containing lAA, at a concentration 
19 
of 0.1% in lanoline was applied to the top of the stem. 
They observed that plants at high nitrogen level produced 
large dark green leaves, while at low nitrogen level the 
poor growth of the plants and abnormally small leaves 
development took place. They showed that in each treatment 
the petioles of plants grown at high nitrogen level were 
more than 50% longer than low nitrogen level. It was also 
noted that petioles of the decapitated plants at both 
nitrogen levels grew almost 60% longer than the petioles 
of the intact plants, while the addition of 0.1% lAA paste 
to the stem following decapitation reduced this increase 
by about half. However in experiments 4, they studied the 
decapitation of the petioles of the plants which was 
continuously elongating, where as the intact plants 
elongation rapidly ceased. They also observed a relative 
decrease in the orientation angle of the petiole following 
decapitation, so that even in the mature petiole, growth 
and orientation appears to be influenced by the presence 
of the terminal part of shoot. 
Bostrack and Struckmeyer (1964) conducted a sand 
culture experiment to study the effect of gibberellic acid 
on soybean (Glycine max) Var. Hawkey grown at different 
levels of nitrogen, potassium or phosphorus. Nitrogen was 
supplied at the rate of 70,210 and 630 mg/1, potassium at 
117.8, 235.6 and 1178 mg/1 and phosphorus at 16.0, 32.0 
20 
and 160.0 mg/1 for low, normal and high levels of 
treatments. Plants were sprayed twice weekly with a 50 
mg/1 aqueous solution of gibberellic acid (GA). They 
observed that pale green colour of plant tissue induced by 
application of gibberellic acid (GA) could not be 
counteracted by increasing the available concentration of 
any of these elements singly. Characteristic chlorosis of 
the lower leaves was noted in untreated and GA treated 
plants receiving the low levels of nitrogen. Typical 
potassium deficiency symptoms developed only in the 
GA treated plants. These symptoms appeared slowly and were 
less severe as the concentration of potassium applied to 
GA treated plants increased. The amount of phosphorus in 
plant tissue was slightly less in GA treated plants as 
compared to untreated ones receiving the same 
concentration of the elements. The uniform pale-green 
colour of GA treated plants was not identical with 
characteristic deficiency symptoms of any of the three 
elements. 
Mil Her and Leopold (196 6) conducted an experiment 
in climate room (24°C, 60% humidity, 20,000 Lux, 16 h 
light period) on Corn (Zea mays L. ) hybrid W F Q / 3 8 - 1 1 to 
study the mechanism of kinetin induced transport in the 
-4 leaves. K m e t m at concentration of 30 ppm (1.5x10 M) was 
applied as strips of filter paper of constant size on to 
21 
32 the upper leaf surface. Radiosotopes P -Orthophosphate 
0 0 ft fi 
(KHjPO^, carrier free), Na ci (carrier free^.Rb CI 
(specific activity 800 mc/mM), NaCl (specific activity 
0.02 mc/mM) and KI (carreir free) were used as 
indicator of transport. They observed that kinetin induced 
32 transport of P in detached corn leaves was limited to 
the axial direction of the leaves and its movement was 
towards the base of excised leaf. They also found that 
32 kinetin treated leaves attracted and accumulated P and 
did not accumulate the radioisotopes Na , Rb , CI and 
I . They concluded that "mobilizing centres" in isolated 
corn leaves stimulated a mass flow transport in the 
phloem. 
Phillips (1968) carried out a pot experiment on 
bean plant (Phaseolus vulgaris L.) var. Canadian wonder to 
study the levels of nitrogen, phosphorus and potassium 
distribution in relation to decapitation and application 
of either lanolin or lanolin/IAA to the cut surface of the 
stem. Nitrogen was accumulated in decapitated internodes 
supplied with lAA for at least 15 days whereas untreated 
decapitated internode accumulated nitrogen in small 
quantity. The lanolin/IAA preparation also maintained 
correlative inhibition of the axillary buds for atleast 15 
days. Enhanced accumulation of N, P and K in an 
lAA treated internode did not inhibit the axillary buds of 
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an adequate supply of these nutrients. More total NPK was 
accumulated in the internode and axillary buds in plants 
treated with plain lanolin than in those treated with lAA. 
Furthermore, the total N, P and K content per unit 
dryweight of apical 5 mm of axillary buds was higher in 
the inhibited buds of lAA treated plants than in the 
elongating buds of lanolin treated plants. It was also 
found that an adequate nitrogen supply to the roots of 
bean favoured lateral bud growth. He concluded that this 
effect of nitrogen was through the production of 
cytokinins, which stimulated lateral bud growth. 
Kannan and Mathew (1970) conducted pot culture 
experiments on bean (Phaseolus vulgaris L, ) and maize (Zea 
mays L.) to study the effect of plant growth substances on 
the absorption and transport of iron. The seeds were 
germinated in the dark on filter paper supported by a 
stainless steel screen which was kept in a tray containing 
aerated distilled water. The foliar spray of GA^ and TIBA 
(lO'^M), CCC (5X10"'^M), kinetin and Amo-1618 (lO'^^M) were 
applied to the plants. The plants were then transferred to 
the nutrient solution without Fe compound. After 3 days, 
59 
Fe-labelled FeSO, was applied to one of the primary 
leaves. 
In an another experiment bean and maize seedlings 
were transferred to the nutrient solution (without Fe) 
23 
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containing GA,, CCC or Alar at the rate of 10 M. They 
observed the effect of growth substances on the 
translocation of root absorbed Fe within the plants. The 
Fe absorption was increased by CCC or GA, application. 
Transport of Fe was enhanced by GA- and kinetin to the 
trifoliate leaves. They also showed that kinetin, CCC and 
Amo-1618 increased the downward transport of iron in the 
stem and roots, Fe absorption was increased by the 
primary leaves when the roots were treated with GA^ or 
CCC. The treatment of roots with TIBA reduced the 
transport of Fe from the primary leaf to upper shoot and 
also to the stem and root significantly. The foliar spray 
of TIBA reduced the transport to upper shoot. The growth 
retardants viz, CCC and Alar increased the Fe absorption. 
It is more or less equal to GA^. The Alar was much more 
effective than GA^ and CCC on Fe translocation. 
Mansfield and Jones (1971) conducted an experiment 
on Commelina communis to study the effect of abscisic 
acid (ABA) on potassium uptake and starch content of 
stomatal guard cells. They pointed out that ABA at a 
concentration of 100 M M reduced the mean stomatal 
aperture from 9.5 to 3.1^ M. This closure resulted from 
decrease in osmotic pressure of the guard cells from 14.1 
to 9.8 bars. However, the osmotic pressure of the 
subsidiary cells did not change significantly. 
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Histochemical test showed that potassium concentration in 
guard cells was reduced by ABA treatment, while the 
starch content of the chloroplast increased. Abscisic 
acid was found to exert a significant effect of small 
magnitude on Rb uptake into leaf discs. It was concluded 
that ABA had a greater effect on ion uptake into guard 
cells as compared to whole leaf tissues. It was inferred 
that starch disappearance was associated with K entry 
into guard cells. The breakdown of starch lead to the 
formation of organic ions and K uptake was associated 
with it. 
Goldbach et a^,- (1975) carried out a nutrient 
culture experiment on sunflower (Helianthus annuus L.) 
var. Goldener Neger to study the influence of N-
deficiency on the abscisic acid (ABA) content. The plants 
were kept in a growth chamber (23 + 2 C) illuminated with 
Fluora-L-lamps approximately 10,000 lux, 16 h light, 8 h 
darkness. Seven weeks after germination one part of plants 
was harvested (initial value), another part was 
continuously kept in N- containing medium for additional 7 
days. The third part was transferred to a nutrient 
solution containing equivalent amount of K^SO. and 
CaSO^ instead of KNO^ and Ca (^ 03)2 s"^ it was alsc 
incubated for 7 days. Abscisic acid (ABA) content was 
determined in several parts of the plants and exudates 
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were collected from the roots of some of these plants. 
They found that N- deficiency considerably increased the 
ABA content of the leaves. In the roots and exudates of 
control plants no ABA was detected. The roots of normal 
N- supplied plants were also poor in ABA content. Removing 
the' shoots of these normal N- supplied plants diminished 
the ABA content in their roots further within 24 h. The 
loss of ABA during this time was partially due to 
excretion of ABA with the exudates. It was concluded that 
N- deficiency induced higher ABA contents in the shoots by 
its higher synthesis in the older leaves. 
Menary and staden (1976) conducted a nutrient 
culture experiment on tomato (Lycopersicon esculentum 
Mill.) to study the effect of phosphorus nutrition and 
cytokinins on flowering. They observed that ten days of 
phosphorus deficiency resulted in a decrease in the number 
of flowers accompanied with a decrease in the cytokinin 
activity of the root exudates. Application of kinetin to 
the growing medium increased the number of flowers 
produced by the seedlings. 
Mulligan and Patrick (1979) worked on bean 
1 A "3 0 
(Phaseolus vulgaris L.) to study tr3nsport of C and P-
labelled assimilates in stem as affected by GA^ 
application. Six h after hormone treatment, the source 
14 leaves (primary leaves) were exposed to CQ^ released 
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from Na^ CO,. After 6 h following exposure to CO2, 15-
cm portion of the stem stumps immediately below the treated 
cut surface were harvested. GA^ concentration of 10 mg/g 
elicited an optimal transport response. Moreover, the 
14 
response of C-photosynthate transfer to this 
concentration of GA^ in lanolin was found to be comparable 
to that obtained using lO" M GA^ in 1.5% agar. 
Salama and wareing (1979) carried out sand culture 
experiment on sunflower (Helianthus annuus L. ) to study 
the effect of nitrogen source, phosphorus and potassium on 
endogenous levels of cytokinins. Nitrogen was given as 
nitrate at different levels and at different intervals 
according to experimental treatment. In the 
experiments on the effect of different sources of nitrogen 
supply on endogenous cytokinin levels, plants were divided 
into three groups and fed without nitrate, ammonium or 
ammonium nitrate type solutions respectively. Low level 
of nitrogen resulted in rapid decrease in the levels of 
leaf, bud, root and root exudate cytokinin. Similar 
results were also obtained with phosphorus deficiency. The 
effect of potassium deficiency on the cytokinin content of 
leaves was less marked. The cytokinin content was higher 
in plants supplied with nitrogen as nitrate than in those 
supplied with ammonium sulphate or ammonium nitrate. 
De-La- Guardia and Benlloch (1980) conducted an 
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experiment to study the effect of potassium and 
gibberellic acid (GA-) on stem growth of sunflower 
(Helianthus annuus L. ) Var. Haleon. They applied three 
levels of potassium, viz. 0.0, 0.5 and 5.0 mM pot . For 
each potassium level half of the seedlings received 10 1 of 
gibberellic acid solution and the other half a 0.05% Tween 
solution. Application of GA, resulted in an increased stem 
growth at all potassium levels but the relative response 
to GA- treatment decreased with increasing potassium 
levels. A tenfold increase in the length of the first 
internode was observed when plants were grown without K 
but treated with GA,. The K content of upper node was 
always higher than other parts of the stem and this uneven 
K distribution along the plant was enhanced by GA^ 
treatment. They also observed that application of GA_ 
increased the content of reducing sugars, especially in K-
deficient plants. Potassium application increased the 
total osmotic component and thus reduced the osmotic 
potential. However, osmotic potential differences within 
the first elongating internode were enhanced by GA^ 
treatment. 
Horgan and Wareing (1980) conducted a pot 
experiment on birch (Betula pendula Roth.) and sycamore 
(Acer pseudoplatanus L. ) to study the cytokinins and the 
growth responses of seedlings to nitrogen and phosphorus 
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deficiency. They observed that deficiencies in supply of 
nitrogen and phosphorus brought about the cessation of 
shoot extension and the formatior of terininal resting buds 
in seedlings of Acer pseudoplatanus it:aintained under long 
days, whereas seedlings of Betula pendula maintained under 
the same conditions continued extention growth of the main 
axis over a long period. The endogenous cytokinin levels 
of B.pendula were significantly lower in the nitrogen 
deficient plants than in the controls only 3d after trans-
fer to deficient conditions. Similar, but less marked chan-
ges were observed in response to phosphorus deficiency. No 
significant changes in cytokinin levels of the base/ 
nucleoside or nucleotide fractions were detected in leaf 
material from seedlings of A.pseudoplatanus even after a 
nitrogen or phosphorus deficiency treatment of 4 weeks. 
Application of exogenous benzyladenine (BA) to seedlings 
of B.pendula subjected to nitrogen deficiencies resulted 
in a rapid regreening and to outgrowth of inhibited 
lateral buds. 
Darrall and wareing (1981) conducted an experiment 
to study the effect of nitrogen nutrition on cytokinin 
activity and free aminoacid in birch (Betula pendula Roth.) 
and sycamore (Acer pseudoplatanus L.). The comparison was 
made in the levels of cytokinin like compounds of 
B.pendula and A.pseudoplatanus supplied with nitrogen as 
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ammonium sulphate, ammonium nitrate or calcium nitrate-
B.pendula with ammonium nitrate showed slow growth where 
as A.pseudoplatanus formed terminal resting buds after 2-3 
weeks and further the growth was stopped. Analysis of 
plant tissue showed that free nitrate and aminoacids were 
depleted to a greater extent in B.pendula compared with 
A.pseudoplatanus under low nitrogen supply. Lateral shoot 
growth in ammonium sulphate fed cytokinin activity v/as 
found in tissue extracts, whereas ammonium nitrate fed 
plant grew rapidly, and showed considerable development 
of laterals. 
Pinol et a_l.(1985) conducted an experiment to 
study the effect of auxin on alkaloids, potassium and free 
amino acid content in tobacco (Nicotiana tabacum) Var. 
Barley-21 callus. The callus cultures were derived from 
the petiole and grown at 25°C in the dark in media 
containing 11.5 M naphthalene acetic acid and 1 M 
kinetin, or 1 M naphthalene acetic acid and 1 M kinetin. 
The first medium limited nicotine synthesis and stimulated 
its N- dimethylation to nornicotine, whereas second medium 
stimulated nicotine synthesis and limited tissue grov/th. 
Although significantly high'er concentrations of K were 
observed in calli grown on the high auxin medium, both 
cultures were K+ different. Low auxin medium limited K"*" 
uptake because of lower growth observed in calli cultured 
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on this medium. It was augmented that the effect of auxin 
concentration on nicotine production was through effects 
on K uptake by the cells of culture. The free aminoacid 
concentration increased in the calli grown on the low 
auxin medium and glutamic acid and proline, initial 
precursor of nicotine, increased significantly. 
Stopinska (1986 a) studied the interaction effect 
of growth regulators and potassium on some physiological 
process in bean (Phaseolus vulgaris). The growth 
7 fi —ft 
regulators such as kinetin (lO" M), GA^ (10~ M ) , lAA (10 
M) or ABA (5xl0~ M) were introduced into Hoagland's 
solution for 24 h. The regulators were found to have a 
different effect on the potassium level in leaves and 
roots depending on whether it was assessed 1 or 8 days 
after treatment. The plant grov/th regualtors affected the 
processes of ion uptake and their transport in relation to 
growth. 
Stopinska (1986 b) continued his work on bean 
(Phaseolus vulgaris) and reported that the increase in the 
amount of potassium levels, stimulated growth of organs 
and increased their water content. The effects were 
associated with an increase in the amount of ABA and bound 
GA and increase in the amount of auxins. The effect of 
potassium on the level of free gibberellins and cytokinins 
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depended on the kinds of leaves. In young leaves 
(trifoliate) K was found to have a positive effect on the 
level of free GA, whereas in older leaves this effect was 
concerned with the level of cytokinins. 
Stopinska (1986 C) further studied leaf growth and 
chlorophyll level in GA-. treated bean and leaf growth and 
transpiration intensity in ABA treated bean plants at two 
potassium concentrations in the medium (1 and 3 mM KNO^). 
Both GA^ and K ions were found to stimulate growth of 
primary leaves and increased their potassium content. In 
contrast GA^ slightly decreased the potassium content in 
leaves. Both the factors reduced the chlorophyll content 
but did not affect the total chlorophyll amount in the 
organs. Interaction between GA^ and K ions was of 
additive nature. The effect of ABA and K ions on growth 
of both kinds of leaves on the amount, content in them 
were antagonistic• The inhibitory effect of hormone was 
stronger at higher potassium concentration in the medium. 
GA^ or ABA reduced transpiration intensity in leaves, 
however the inhibitory effect of the growth regulator was 
stronger at lower potassium concentration. The potassium 
level modified both the physiological effect of the 
regulators and the sensivity of bean particularly to ABA. 
Kuiper and staal (1987) carried out an experiment 
to study the effect of plant growth s\ibstances on growth 
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rates, shoot to root ratio and root respiration of 
Plantaqo major var. pleiosperma at two regimes of mineral 
nutrition. One group of plants were supplied with 
synthetic cytokinin (BA) and small group of plants 
remained on 100% solution and the majority of the plants 
were transferred into diluted nutrient solution (2% of the 
full nutrient solution). The 2% plants were subdivided in 
five groups. Depending upon the concentration of BA added 
in the nutrient solution, 10 , 1 0 , 10 and 10 M and 
the control. In case of ABA addition, a small group of 
plants were transferred to a 2% solution and the rest of 
the plants were kept on the 100% solution and were divided 
into five groups and plants sprayed daily with 0, 10 , 
~5 -4 10 and 10 M ABA. In experiments with external supply of 
lAA or NAA, groups of 2% plants were sprayed daily with 0, 
-6 -5 -4 10 , 10 and 10 M lAA. Changes in the relative growth 
rates, shoot to root ratios and root respiration in 
relation to low mineral supply were strongly retarded by 
— 8 10 M BA. This effect of BA were very obvious in the first 
7 days after the transfer of plants. During the second 7 
days the normal effects disappeared due to limitation of 
mineral nutrients. Daily spray with abscisic acid or with 
indole acetic acid did not significantly affect the 
measured characteristics. 
Kuiper et al^ . (1989) carried out the experiments 
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to study the cytokinin concnetrationin relation to mineral 
nutrition and benzyladenine treatment in Plantago major 
var. pleiosperma. Plants were grown on a full strength 
nutrient solution (100%), dilute solution (1% or 2% 
plants) and plants transferred from high to low nutrient 
p 
condition with (100% to 2%) or without (100 to 2%), 10 M 
benzyladenine (BA) added to the nutrient solution. Transfer 
from a concentrated nutrient solution to a dilute solution 
depressed the cytokinin concentration by 50% within two 
days of transfer. However, if the plants were supplied with 
— 8 10 M BA in the dilute solution, this decline did not 
appear. The glucosides were the only major cytokinins 
enhanced by mineral shortage. The increased synthesis of 
glucosides in the BA treated plants was accompanied by 
lowered concentrations of free bases and their ribosides 
and nucleotides. They postulated that some plants 
possessed a growth regulation mechanism. This included 
production of cytokinins in the root, which are sensitive 
to mineral nutrition and inactivation sites for cytokinins 
in the shoot. 
Meyyappan e;t aj^.(1991) conducted a field 
experiment under irrigated condition to study the effect 
of plant growth regulators and micronutrients alone and in 
combination on chlorophyll content and Hill activity of 
groundnut (Arachis hypogea L. ) var.. VRI-I. The different 
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treatment were water sprayed control, NAA (40 ppm), Tria-
contanol (3 ppm), MnSO. (0.6%), Borax (0.2%), NAA + MnSO^, 
NAA + Borax Triacontanol + MnSO. and Triacontanol + Borax. 
4 
The treatments were given as foliar spray on 25th and 40th 
days after sowing and plant samples were collected 15 days 
after each spray. Among the individual applications, NAA 
recorded increase of 23.25% in total chlorophyll content 
and 17.87% in Hill activity over water sprayed control. The 
combined applications of NAA + Borax showed increase of 
38.45% total chlorophyll content and 48.87% Hill activity. 
Amzallag et^  a_l. (1992) carried out an experiment to 
study the interaction effect of mineral nutrients, 
cytokinin and gibberellic acid in (Sorghum bicolor L. 
Moench) var. 610 grown at high NaCl level. The daily 
-3 -3 
increase in NaCl was 25 mol m until 150 mol m was 
reached. When the salt concentration was raised to 300 mol 
-3 . -3 
m , It was increased stepwise by 75 mol m NaCl per day. 
-3 
Sorghum bicolor was able to grow at 300 mol m NaCl only 
when half strength Hoagland's solution was enriched with 
mineral nutrients. The optimum growth rate was observed in 
full strength Hoagland's solution. At high salinity, 
levels addition of cytokinin (KN) or gibberellic acid (GA) 
or a mixture of both induced the same effect on growth as 
the increased mineral nutrient concentration. 
Phytohormones and increased mineral concentration had 
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similar effects, possibly because of imbalance in 
phytohormones, rather than in mineral deficiency. The 
change in mineral concentration in the nutrient medium, 
in addition to its nutritional effect also apprently acted 
as signal involved in hormonal balance which allowed 
growth at high salinity. Exposure of sorghum to 300 mol 
_3 
m NaCl caused a decrease in the range of nutrient 
concentrations which sustained growth. Adjustment of the 
nutrient concentration might have induced the synthesis of 
endogenous KN and GA concentrations required for growth. 
In contrast, addition of KN or GA at similar concentra-
tions during the adaption period inhibited growth and 
prevents the adaptation process. 
Sugiharto et al^.(1992) carried an experiment to 
show that cytokinin is required to induce the nitrogen 
dependent accumulation of mRNAs for phosphoenol pyruvate 
carboxylase and carbonic anhydrase in detached maize (Zea 
mays L.) leaves. Intact maize plants indicated that 
phosphoenol pyruvate carboxylase level was controlled by 
nitrogen availability. Phosphoenol pyruvate carboxylase 
(PEPC) and carbonic anhydrase (CA) mRNA level decreased in 
leaves detached from maize plants. Addition of high 
nitrate did not prevent this decrease. However, the 
addition of zeatin to solutions bathing the cut ends of 
the detached leaves inhibited the decrease of PEPC and CA 
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itiRNA levels. Simultaneously addition of high nitrate and 
zeatin to leaves detached from N-deficient maize plants 
caused a large and rapid increase in PEPC and CA mRNA 
levels. They concluded that maize leaves provide an 
excellent experimental system to study the mechanism of N 
mediated regulation of PEPC and CA gene expression. 
Grewal et_ a_l. (1993) conducted a field experiment 
for three years to study the effect of CCC, etheral at 
varying levels of nitrogen on yield of gobhi sarson 
(B. napus). Foliar spray of chlorocholine chloride (CCC) at 
concentration of 0, 80, 250 and 500 ppm and etheral at 0, 
500, 1000 and 1500 ppm was done at variable levels of 
nitrogen (0, 50, and 100 kg/ha). B. napus responded 
significantly to CCC at 250 ppm or etheral at 500 ppm at 50 
kg N ha . At 100 kg N ha significant increase in 
yield was obtained with CCC at 500 ppm or etheral at 1000 
ppm. The crop did not respond to CCC and etheral spray in 
the absence of N application. 
2.4 Concluding remarks; 
The available literature, reviewed above reveals 
that not much work has been done on the effect of plant 
growth substances and their interaction with mineral 
nutrients on the growth yield and quality of oilseed 
crops. Therefore, it was considered to undertake detailed 
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studies on the growth, nutrient accumulation, yield and 
quality characteristics of mustard, an important oilseed 
crop, as affected with the interaction of plant growth 
substances and mineral nutrition. 
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CHAPTER - 3 
MATERIAL AND METHODS 
3.1 Proposed study 
To achieve the objectives mentioned at the end of 
first chapter, five field experiments will be conducted on 
mustard (Brassica juncea L. Czern. & Coss.) during winter 
(Rabi) season at the 'University Agricultural Farm' of 
Aligarh Muslim University, Aligarh (U.P.). 
3.2 Field preparation 
The field will be thoroughly ploughed to turn the 
soil for maximum aeration. It will also help in eliminating 
the weeds. After the rainy season, one ploughing will be 
done again to eliminate the weeds. Finally 10 sq.m. plots 
will be prepared according to the design of the experiment, 
and will be irrigated lightly before sowing to maintain 
proper moisture content in the subsurface of the soil. The 
required fertilizer will be broadcast in each plot 
homogenously, just before sowing. The sowing will be done 
in furrows of 13-15 mm depth prepared by hand drawn plough 
at seed rate of 10 kg/ha. 
3.3 Soil characteristics 
Before each sowing, soil samples will be collected 
from each plot from a depth of about 10-15 cm. Collected 
Table 1 : Physico-chemical characteristics of soil of the field 
used for Experiment 1-5. 
Characteristics Exp-1 Exp-2 Exp-3 Exp-4 Exp-5 
Texture 
pH(l:2) 
EC(m mhos/cm) + 
Available nitrogen 
(Kg N/ha) 
Available phosphorus 
(Kg P/ha) 
Available potassium 
(Kg K/ha) 
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samples will be mixed and a composite sample will be 
analysed for various physico-chemical properties of the 
soil of the experimental field according to the proforma 
given in Table 1. 
3.4 Seeds 
The authentic seeds will be obtained from I.A.R.I., 
New Delhi. Seeds of uniform size will be selected and their 
viability will be tested before sowing. Surface steriliza-
tion of the seeds will be done by using alcohol or 0.1% 
mercuric chloride. 
3.5 Experiment - 1 
This experiment will be conducted according to 
factorial randomised block design during winter season 
(1994-95). In this experiment the effect of foliar spray of 
0, 10"^, 10~^ and lO""* M of indole acetic acid (lAA), 
gibberellic acid (GA^) and kinetin (KN) will be done at 40 
days after sowing (DAS) on mustard (Brassica juncea L. 
Czern. & Coss.) var. Varuna to find out the most suitable 
growth regulator and its concentration for higher growth, 
nutrient accumulation, yield and quality characteristics of 
the crop. 
A uniform basal dose of 90 kg N, 30 kg P and 30 
kg K/ha as urea, monocalcium superphosphate and muriate of 
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potash respectively will be applied to the soil at the time 
of sowing. The size of each plot will be 10 sq.m. The seeds 
will be sown in the first week of October by the usual 
"behind the plough" method at the rate of 10 kg/ha. The 
distance of 22.5 cm between rows and 15 cm between the 
plants in the row will be maintained. At plant 
establishment uniform plant population will be maintained. 
Foliar spray of growth regulator will be done at 40 DAS and 
amount of growth regulator applied to each plot will be 
noted. Each treatment will be replicated thrice. Irrigation 
will be done twice during the entire growing period of the 
crop. Spray of an insecticide (Dimercron-100) will be done 
to check aphid infection, if takes place. 
At 10 days interval, i.e. 40, 50, 60, 70, 80 and 90 
DAS, three plant samples from each plot will be uprooted 
with the help of hand hoe and various growth characteristics 
(p. 43 ) and NPK accumulation (p. 44 ) will be recorded. 
At harvest (110 DAS) yield and yield attributes (p. 44 ) 
and quality parameters (p. 45 ) will be studied. 
3.6 Experiment - 2 
This experiment will be performed according to 
simple randomised block design during next 'rabi' season 
(1995-96). This experiment will be based on the findings of 
Experiment-1 and the objective of the experiment will be to 
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establish the most suitable stage of growth for foliar 
spray of growth regulator selected from Experiment-1. 
Foliar spray will be done at 40, 60 and 80 DAS, 
corresponding to vegetative, flowering and fruiting stages 
of the crop. 
A uniform basal dose of 90 kg N, 30 kg P, 30 kg K/ha 
as urea, raonocalcium superphosphate, and muriate of potash 
respectively will be applied at the time of sowing. The 
size of each plot will be 10 sq.m. The other agricultural 
practices and parameters studied at different sampling 
stages will be same as in Experiment-1. 
3.7 Experiment - 3 
This experiment will be based on the findings of 
Experiment-1 and 2, and will be conducted according to 
simple randomised block design during 'rabi' season of 
1996-97. The aim of this experiment will be to study the 
effect of foliar spray of the best growth regulator 
(selected in Exp-1) at the most suitable growth stage 
(selected in Exp-2) alongwith four levels of basally 
applied N (0, 40, 80 and 120 kg/ha) on the performance of 
the crop. 
A uniform basal dose of 30 kg P, 30 kg K/ha as 
monocalcium superphosphate and muriate of potash 
respectively will be applied to the soil at the time of 
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sowing. The other agricultural practices will remain same 
as in Experiment-1. 
Sampling will be done at 10 days interval starting 
from 40 DAS to record various growth characteristics and 
accumulation. At harvest yield and quality characteristics 
will be studied as in earlier Experiments. 
3.8 Experiment - 4 
This experiment will be conducted simultaneously 
with Bxperiment-3, according to simple randomised block 
design. The aim of the experiment will be to study the 
effect of spray of best growth regulator (selected in 
Exp-1) at the most suitable growth stage (selected in 
Exp-2) along with four levels of basally applied P (0, 
15, 30 and 45 kg/ha) on the performance of the crop. 
A uniform basal dose of 90 kg N and 30 kg K/ha as 
urea and muriate of potash respectively will be applied to 
the soil at the time of sowing. The other agricultural 
practices, sampling stages and parameters studied will be 
same as in Experiment 1. 
3.9 Experiment - 5 
This experiment will be conducted according to 
simple randomised design simultaneously with Experiment -3 
and 4. The aim of the experiment will be to study the 
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effect of foliar spray of best growth regulator (selected 
in Exp-1) at the most suitable growth stage (selected in 
Exp-2) together with four levels of basally applied K (0, 
15,30 and 45 kg/ha) on the performance of the crop. 
A uniform basal dose of 90 kg N and 30 kg P/ha as 
urea and monocalcium superphosphate respectively will be 
applied to the soil at the time of sowing. The other 
agricultural practices, sampling and parameters studied 
will be same as in earlier experiments. 
3.10 Sampling technique 
Three plants from each plot will be uprooted with a 
handhoe containing the entire root system at various growth 
stages for the study of various growth characteristics and 
accumulation of N, P and K in plants. Thirty five plants 
will be selected at random for harvest. The number of pods 
will be counted. The pods will be sundried, thrashed, and 
will be weighed. The yield/ha will be calculated using the 
spacing of the plants. Winnowing will be done with a hand-
winnower and seeds will be stored for assessing the other 
yield and quality characteristics. 
3.11 Physiological characteristics 
3.11.1 Growth characteristics 
The following growth characteristics will be 
studied at 40,50,60,70,80 and 90 days after sowing (DAS). 
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1. Shoot length/plant 
2. Root length/plant 
3. Shoot dry weight/plant 
4. Root dry weight/plant 
5. Leaves dry weight/plant 
6. Leaf number/plant 
7. Leaf area/plant 
8. Total dry weight/plant 
9. Leaf area index (LAI) 
10. Crop growth rate (CGR) 
11. Relative growth rate (RGR) 
12. Net assimilation rate (NAR) 
3.11.2 NPK accumulation 
1. Accumulation of N/plant 
2. Accumulation of P/plant 
3. Accumulation of K/plant 
3.11.3 Yield characteristics 
The following yield attributes will be studied at 
harvest. 
1. Pod number/plant 
2. Seed number/plant 
3. 1000 seed weight 
4. Seed yield (kg/ha) 
5. Oil yield (kg/ha) 
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3.11.4 Quality characteristics 
The oil will be analysed for the following quality 
characteristics. 
1. Oil content (%) 
2. Acid value 
3. Iodine value 
4. Saponification value 
5. Fatty acid composition 
3.12 Details of some physiological characteristics 
3.12.1 Growth analysis 
3.12.1.1 Leaf area index (LAI) 
Leaf area will be calculated by Gravimetric method. 
The leaf area of few leaves from each treatment will be 
estimated by tracing on a graph sheet and the dry weight 
for these leaves will be recorded. The leaf area/plant will 
be computed using the leaf dry weight/plant and the dry 
weight of those leaves for which the area was estimated. 
The leaf area index will be calculated by using the formula 
suggested by Watson (1958). 
LAI = Leaf area 
Ground area 
3.12.1.2 Crop growth rate (CGR) 
The crop growth rate will be calculated by using 
the formula suggested by Watson (1952). 
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CGR = ^ X i 
dt P 
Here, dw = difference in dry weight at given time 
dt = time interval 
p = land area 
3.12.1.3 Relative growth rate (RGR) 
Relative growth rate will be calculated according 
to the formula given by Rad ford (1967). 
In Wo - In WT 
RGR = f i_ 
t2 - t^ 
2. 303 (log-j^ QW2-log2^ QW-j^ ) 
i.e. RGR = 
t2 - ti 
Here, w^ = dry weight of plant at I growth stage 
t, = days to sampling at I growth stage 
W2 = dry weight of plant at II growth stage 
t_ = days to sampling at II growth stage 
3.12.1.4 Net assimilation rate (NAR) 
Net assimilation rate will be calculated according 
to Milthorpe and Moorby (1979). 
NAR = ^2 - ^ 1,,^^" S-^" H) 
^2 ' *^ 1 ^2 " ^1 
i.e. NAR = w^-w, 2.303(log,,L,-log,,L,) 
t2-ti Lj- L^ 
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Here, w-. = dry weight of plant at I growth stage 
L, = leaf area of plant at I growth stage 
t, = days to sampling at I growth stage 
Wp = dry weight of plant at II growth stage 
L» = leaf area of plant at II growth stage 
t^ = days to sampling at II growth stage 
In = logarithm to base e 
log-iQ = logarithm to base 10 
3.12.2 NPK accumulation in different plant parts 
Based on the nitrogen, phosphorus and potassium 
content (%) of different plant parts, viz, stem, leaf and 
root at different sampling stages and their respective dry 
matter at these stages, the NPK accumulation in different 
parts will be calculated and the total amount will be 
computed from these values. The details of estimation of 
NPK are described in the following pages: 
3.12.3 Estimation of NPK 
3.12.3.1 Digestion of plant samples 
100 mg of the oven dried powder of each sample will 
be transferred to a 50 ml kjeldahl flask to which 2 ml 
sulphuric acid will be added. The contents of the flask 
will be heated on temperature controlled assembly for about 
2 h, to allow complete reduction of nitrates present in the 
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plant material by the organic matter itself. As a result, 
the contents of the flask will turn black. After cooling 
the flask for about 15 minutes, 0.5 ml 30% hydrogen 
peroxide will be added drop by drop and the solution will 
be heated again till the colour of solution changed from 
black to light yellow. After cooling for about 30 minutes 
an additional 3-4 drops of 30% hydrogen peroxide will be 
added, followed by heating for another 15 minutes. The 
addition of 30% hydrogen peroxide, followed by heating will 
be repeated if the contents of the flask do not become 
colourless. The peroxide digested material will be 
transferred from the kjeldanl flask to 100 ml volumetric 
flask with three washings, each with 5 ml double distilled 
water (DDW). Volume of the volumetric flask will be made 
upto the mark with DDW. 
3.12.3.2 Estimation of nitrogen 
Estimation of nitrogen will be carried out 
according to Lindner {1944) . A 10 ml aliquot of the above 
digested material will be taken in a 50 ml volumetric 
flask. To this 2 ml of 2.5 N sodium hydroxide and 1 ml of 
10% sodium silicate solution will be added to neutralise 
excess of acid and to prevent turbidity respectively. The 
volume of the solution will be made up to the mark with 
distilled water. In a 10 ml graduated test tube, a 5 ml 
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aliquot of this solution will be taken and 0.5 ml of 
Nessler's reagent will be added. The final volume will be 
made with distilled water. The content of the tube will be 
allowed to stand for 5 minutes for maximum colour 
development. The solution will be transferred to a 
colorimetric tube and the optical density (O.D.) will be 
read at 525 nm with the help of a spectrophotometer. 
3.12.3.2.1 Standard curve for nitrogen 
50 mg ammonium sulphate will be dissolved in 1 lit 
DDW. From this solution 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 
0.8, 0.9 and 1.0 ml will be pipetted to ten different test 
tubes. The solution in each test tube will be diluted to 
5 ml with DDW. In each test tube, 0.5 ml Nessler's reagent 
will be added. After 5 minutes, the optical density will be 
read at 525 nm on spectrophotometer. A blank will be run 
with each set of determination. Standard curve will be 
prepared using different dilution of ammonium sulphate 
solution versus optical density and v;ith the help of the 
standard curve the amount of nitrogen present in the 
sample will be determined. 
3.12.3.3 Estimation of phosphorus 
Total phosphorus in the sulphuric acid peroxide 
digested material will be estimated by the method of Fiske 
and Subba Row (1925). A 5 ml aliquot will be taken in a 
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10 ml graduated test tube and 1 ml of molybdic acid (2.5 
percent ammonium molybdate in 10 N sulphuric acid) will be 
added carefully, followed by the addition of 0.4 ml of 
1-amino 2-naphthol-4-sulphonic acid. The colour will turn 
blue. Distilled water will be used to make up the volume to 
10 ml. The solution will be shaken for 5 minutes and then 
transferred to a colorimetric tube. The optical density 
will by read at 620 nm on a spectrophotometer. A blank will 
be used simultaneously with each determination. 
3.12.3.3.1 Standard curve for phosphorus 
351 mg potassium dihydrogen orthophosphate will be 
dissolved in sufficient DDW to which 10 ml 10 N H_SO. will 
2 4 
be added and the final volume will be made up to 1 lit with 
DDW. From this solution 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 
0.8, 0.9, and 1.0 ml will be taken in ten different test 
tubes. The solution in each test tube will be diluted to 5 
ml with DDW. In each tube, 1 ml molybdic acid and 0.4 ml 
1-amino 2-naphthol4-sulphonic acid will be added. After 5 
minutes, the optical density will be read at 620 nm on 
spectophotometer. A blank will also be run with each set of 
determination. Standard curve will be prepared using 
different dilutions of potassium dihydrogen orthophosphate 
solution versus optical density and with the help of 
standard curve, the amount of phosphorus present in the 
sample will be determined. 
51 
3.12.3.4 Estimation of potassium 
Potassium will be estimated with the help of flame 
photometer. After adjusting the filter for potassium in the 
photometer, 10 ml peroxide digested material will be run. A 
blank will also be run side by side with each set of 
determination. 
3.12.3.4.1 Standard curve for potassium 
1.91 g potassium chloride will be dissolved in 100 
ml of DDW, of which 1 ml solution will be diluted to 1 
litre. The resulting solution will be of 10 ppm potassium. 
From this 10 ppm potassium solution, 1, 2, 3, 4, 5, 6, 7, 
8, 9 and 10 ml solution will be transferred to 10 vials 
separately. The solution in each vial will be diluted to 10 
ml with DDW. The diluted solution of each vial will be run 
separately. A blank will also be run with each set of 
determination. Standard curve will be prepared using 
different dilutions of potassium chloride solution versus 
readings on the scale of the galvanometer. The amount of 
potassium present in sample will be determined with the 
help of standard curve. 
3.13 Oil analysis 
The seed samples will be crushed to get a final 
meal for extracting the oil after separating them from 
extraneous material. 
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3.13.1 Determination of oil content 
25 g of ground seeds will be transferred to a 
Soxhlet apparatus and sufficient quantity of petroleum 
ether will be added. The apparatus will be kept on a 
hot-water bath running at 60°C for about 6 h for complete 
extraction of the oil. 
The petroleum ether from the extracted oil will be 
evaporated. The extracted oil will be expressed as a 
percentage by mass of the seeds and will be calculated by 
the following formula: 
100 x m 
Here/ "'o 
m = sum of the mass in g of oil 
m = seed sample in g 
3.13.2 Determination of acid value 
The acid value of oil is the number of potassium 
hydroxide (KOH) required to neutralise free acid in 1 g of 
oil. It will be determined by the following method 
(Anonymous, 1970). 
2 g oil will be dissolved in 50 ml solvent mixture 
of 95% ethanol and diethyl ether (1:1) in a 250 ml conical 
flask. Titration will be carried out with 0.1 N KOH 
solution, using phenolphthalin as an indicator and the 
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number of ml (a) of 0.1 N KOH required will be noted. The 
acid value will be calculated by the following formula. 
, .^  „ , a x 0.00561 X 1000 
Acid Value = ' -: 
w 
Here, 
a = number of ml of 0.1 N KOH 
w = weight of oil in g 
3.13.3 Determination of iodine value 
The iodine value of an oil is the number of g of 
iodine absorbed by 100 g of oil and expressed as the weight 
of iodine. It will be determined by iodine monochloride 
method given below: 
2 g oil will be taken in a dry ground neck flask to 
which 10 ml carbontetrachloride (CCl.) and 20 ml iodine 
monochloride solution (ICL) will be added. The flask will 
be stoppered and allowed to stand in a dark place for about 
30 minutes. After 30 minutes, 15 ml potassium iodide (KI) 
solution and 100 ml DDW will be poured into with proper 
shaking. Titration will be carried out with 0.1 N sodium 
thiosulphate (Na-SjO^) solution, using starch solution as 
indicator. Number of ml 'a' of sodium thiosulphate solution 
used will be noted. The same operation will be carried out 
without the oil and the number of ml 'b' of 0.1 N sodium 
thiosulphate solution will be noted. Iodine value will be 
calculated by the following formula (Anonymous, 1970): 
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^ ^. , (b-a) X 0.01269 x 100 Iodine value = 
w 
Where 'a' and 'b' are the numbers of ml of 0.1 N 
sodium thiosulphate solution used in a sample and blank 
titration respectively and 'w' is the weight of oil in 
g-
3.13.4 Determination of saponification value 
The saponification value of an oil is the number of 
mg of KOH required to neutralise the fatty acids resulting 
from the complete hydrolysis of 1 g of the oil. 
2 g oil will be taken in a 250 ml conical flask 
to which 25 ml 0.5 N KOH solution will be added. The flask 
will be attached with reflux condenser and boiled on 
water-bath for about 1 h with frequent rotation of the 
contents of the flask. The excess of alkali will be 
titrated with 0.5 N HCl. The number of ml (a) of 0.5 N HCl 
will be noted. The same operation will be repeated without 
oil and the number of ml (b) of 0.5 N HCl required will be 
noted (Anonymous, 1970). Saponification value will be 
calculated by the following formula: 
Saponification Value = (b-a) x 0.02805 x 1000 
w 
Here 'a' and 'b' are the number of ml of 0.5 N HCl 
used in sample and blank titration respectively and 'w' is 
the weight of oil. 
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3.13.5 Determination of fatty acid composition 
It will be determined by the following method: 
3.13.5.1 Preparation of methyl ester 
A 8.0 ml mixture of methanol, benzene and sulphuric 
acid (84: 10:4, v/v/v) will be transferred to a screw 
capped corning glass tube of 15 x 125 mm containing 500 mg 
oil sample and refluxed at 80°C on a glycerine bath for 
3 h. After completion of the reaction period, excess of DDW 
will be added to each tube and methyl ester will be 
extracted with hexane (3x5 ml). The supernatant organic 
layer will be washed 3 times with water. The hexane will be 
evaporated under a steam of nitrogen in a glycerine bath at 
40°C. The oil samples will be again dried in similar manner 
by adding 3 ml azerotropic mixture (chloroform, benzene and 
methanol, 1:1:1 v/v/v) in order to remove moisture. 0.2 ml 
hexane will be added again to each tube and flushed with 
nitrogen after completion of the drying process. 
Immediately tube will be capped and kept at low temperature 
for chromatographic analysis (chalvardjician, 1964). 
3.13.5.2 Gas liquid chromatography 
The qualitative and quantitative analysis of fatty 
acids in total lipids will be carried out by using 
Nucon-5700 Gas chromatograph equipped with flame 
ionisation detector, using 10% silar (5, C.P. 80/100 gas 
chrom. Q) glass column of 6 ft x 2 mm. The qualitative 
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examination will be accomplished by spiking the retention 
time with authentic reference standard (pure methyl esters 
of fatty acid and lipids of ground nut). The peak areas 
will be calculated by triangulation method. 
3.14 Statistical analysis 
All experimental data will be subjected to 
statistical analysis by adopting analysis of variance 
technique according to the design of experiment (Panse and 
Sukhatme, 1985) and the significance of the result will be 
determined at 5% levels of probability. If the data will be 
found significant, critical difference (CD.) will be 
calculated. Correlation of various characteristics with 
seed yield and quality characteristics will also be worked 
out. 
RSfSRSN C£S 
REFERKNrKS 
ALLEN, J.R.F. and BAKER, D.A. 1980. Free tryptophan and lAA 
levels in the leaves and vascular pathways of 
Ricinus conununis L. Planta 148: 69-74. 
AMZALLAG, G.N., LERNER, H.R. and POLJAKOFFMAYER, A. 1992. 
Interaction between mineral nutrients, cytokinin and 
gibberellic acid during growth of Sorghum at high 
NaCl salinity. J. of Experimental Botany 4_3 (246): 
81-87. 
ANONYMOUS 1970. "Pharmacopoeia of India". (2nd ed.) Manager 
of Publications, Ministry of Health, Government of 
India, New Delhi. 
ANONYMOUS 1993. Food and nutrition In: "Manorma Year Book", 
pp. 137-140. M. Mathew (ed.). Malayala Manorma, 
Kottayama, Kerala, India. 
ARNON, D.I. and STOUT, P.R. 1939. The essentiality of 
certain elements in minute quantity for plants with 
special reference to copper. Plant Physiol. 14: 
371-375. 
AUDUS, L.J. 1959. "Plant Growth Substances". Leonard Hill 
Books Ltd., London. 
BANDURSKI, R.S. 1965. Biological reduction of sulphate and 
nitrate. In: "Plant Biochemistry", pp. 467-490. J. 
Bonner and J.E. Varner (eds.) Academic press. New 
York. 
58 
BEEVERS, L. and HAGEMAN, R.H. 1969. Nitrate reduction in 
higher plants. Ann. Rev. Plant. Physiol. 20; 
495-522. 
BEWLEY, J.D. and BLACK, M. 1979. "Physiology and Bio-
chemistry of Seeds." I. Development Germination and 
Growth, Springer-Verlag, Berlin. 
BLACK, C.A. 1973. "Soil Plant Relationship." (2nd ed.) Wiley 
Private Ltd., New Delhi. 
BONNER, J. 1934. The relation of hydrogen ions to the 
growth rate of the Avena coleoptile. Protoplasma 21; 
406-423. 
BOSTRACK, J.M. and STRUCKMEYER, B.E. 1964. Effect of 
gibberellic acid on soybeans grown at different 
levels of nitrogen, Potassium or Phosphorus. Bot. 
Gaz. 1^(2): 142-145. 
BOULD, C. 1963. Mineral nutrition of plants in soil. In: 
"Plant Phvsioloqy-A Treatise." Vol. III. pp. 16-91. 
F.C. Steward (ed.). Academic Press, New York. 
CHALVARDJICIAN, A.M. 1964. Fatty acids of brown and yellow fat 
in rats. Biochem. J. 9^ = 518-521. 
CURTIS, O.F. and CLARK, D.G. 1950. "An Introduction to Plant 
Physiology." Mc Graw-Hill Book Company, London. 
59 
DARRALL, M. and WAREING, P.F. 1981. The effect of nitrogen 
nutrition on cytokinin activity and free amino-
acids in Betula pendula Roth, and Acer pseudoplatanus 
L. J. of Experimental Botany. _3i (127): 369-379. 
DE-LA-GUARDIA, M.D. and BENLLOCH, M. 1980. Effects of 
potassium and gibberellic acid on stem growth of 
whole sunflower plants. Physiol. Plant. 4^: 443-448. 
DEVLIN, R.M. and WITHAM, P.M. 1986. "Plant Physiology." 
(3rd ed.) Affiliated East-West Press, New Delhi. 
de SAUSSURE, Th. 1804. "Researches Chimigues Sur La Vegeta-
tion. " Nyon, Paris (Cited from Hewitt, E.J. 1963). 
EAGLES, C.F. and WAREING, P.F. 1963. Experimental induction 
of dormancy, in Betula pubescens. Nature. 199; 874. 
EVANS, H.J. and SORGER, G.J. 1966. Role of mineral elements 
with emphasis on the univalent cations. Ann. Rev. 
Plant Physiol, r?: 47-76. 
FISHER, R.A. and HSIAO, T.C. 1968. Stomatal opening in 
isolated epidermal strips of Vicia faba II. 
Responses to KCl concentration and the role of 
potassium absorption. Plant Physiol. 4_3: 153-158. 
FISKE, C.H. and SUBBA ROW, Y. 1925. The colorimetric 
determination of phosphorus. J. Biol. Chem. 66; 
375-400. 
60 
FITTING, H. 1909. Die Beeinflussung der orchideenbluten 
durch die Bestaubung und durch andere Umstande. Z. 
Bot. 1_: 1-86 (Cited from Sircar,S.M. 1971). 
FITTING, H. 1910. Weitere entwicklung physiologische unter-
suchungen an orchideenbluten. ibid. _2: 225-267 
(Cited from Sircar, S.M. 1971). 
GANE, R. 1934. Production of ethylene by some ripening 
fruits. Nature. 134; 1008. 
GOLDBACH, E., GOLDBACH, H., WAGNER, H. and MICHAEL, G. 1975. 
Influence of N-deficiency on the abscisic acid 
content of sunflower plants. Physiol. Plant. 34; 
138-140. 
GREEN, D.E., LELOIR, L.F. and NOCITO, V. 1945. Transaminases. 
J. Biol. Chem. 161; 559-582. 
GREWAL, H.S., KOLAR, J.S., CHEEMA, S.S. and SINGH, G. 1993. 
Studies on the use of growth regulators in relation 
to nitrogen for enhancing sink capacity and yield of 
gobbi sarson {B. napus). Indian J. Plant. Physiol. 
_36 (1): 1-4. 
GUNSALUS, I.e. 1954. Group transfer and acel-generating 
functions of lipoic acid derivatives. In: "Mechanism 
of Enzyme Action." pp. 599-604. W.D. Mc Elroy and B. 
Glass (eds.) Johns Hopkins Press. Baltimore. 
61 
HABERLANDT, G. 1913. Zur Physiologic der Zellteilungen. 
Sitzungsber. K. Preuss. Acad. Wiss. 318-345 (Cited 
from Wilkins, M.B. 1984). 
HABERLANDT, G. 1921. Wund hormone als Erreger Von 
Zellteillungen. Beitr. Allg. Bot. 2^: 1-53 (Cited 
from Wilkins, M.B. 1984). 
HAGER, A., MENZEL, H. and KRAUSS, A. 1971. Versuche und 
Hypothese Zur Primar wirkung des Auxins beim Streek 
ungswachstum. Planta 100; 47-75 (Cited from Wilkins, 
M.B. 1984). 
HEWITT, E.J. 1963. The essential nutrient elements: 
Requirements and interactions in Plants. In: "Plant 
Physioloqy-A Treatise." Vol. Ill, pp. 137-329. F.C. 
Steward (ed.) Academic Press, New York. 
HIGGINS, T.J.v., JACOBSEN, J.V. and ZWAR, J.A. 1982. Changes 
in protein synthesis and mRNA levels in barley 
aleurone layers treated with gibberellic acid. Plant 
Mol. Biol. 1: 191-215. 
HORGAN, J.M. and WAREING, P.P. 1980. Cytokinins and the 
growth responses of seedlings of Betula pendula 
Roth, and Acer pseudoplatanus L. to nitrogen and 
Phosphorus deficiency. J. of Experimental Botany. 21 
(121): 525-532. 
62 
HUMBLE, C D . and HSIAO, T.C. 1969. Specific requirements of 
potassium for light-activated opening of stomata in 
epidermal strips. Plant Physiol. £4: 230-234. 
JACOBSEN, J.V. 1977. Regulation of ribonucleic acid 
metabolism by plant hormones. Ann. Rev. Plant 
Physiol. 2^: 537-564. 
KANNAN, S. and MATHEW, T. 1970. Effects of growth substances 
on the absorption and transport of iron in plants. 
Plant Physiol. 4^: 206-209. 
KNOP, W. 1860. Quantitative analytische Arbeitem uber den 
Ernahrungsporocess der pflanzen. Landwirtsch. Vers. 
Sta. 2* 295-324. (Cited from Hewitt, E.J. 1963). 
KORKES, S., CAMPILLO, A., GUNSALUS, I.C. and OCHAO, S. 1951. 
Enzymatic synthesis of citric acid. Ill, pyruvate as 
acetyl donor. J. Biol. Chem. 193; 721. 
KUIPER D. and STAAL, M. 1987. The effects of exogenously 
applied plant growth substances on the physiological 
plasticity in Plantago major spp. pleiosperma: 
Responses of growth, shoot to root ratio and 
respiration. Physiol. Plant. ^ : 651-658. 
KUIPER, D., KUIPER, P.J.C, LAMBERS, H., SCHUIT, J. and 
MARTEN, S. 1989. Cytokinin concentration in relation 
to mineral nutrition and benzyladenine treatment in 
Phantago major spp. pleiosperma. Physiol. Plant. 75; 
511-517. 
63 
LARSEN, P. 1955. Nomenclature of plant growth substances. 
Plant Physiol. ^ O* 190-191. 
LICHSTEIN, H.C., GUNSALUS, I.C. and UMBREIT, W.W. 1945. 
Function of vitamin B- group: Pyridoxal phosphate 
(codecarboxylase) in transamination. J. Biol. Chem. 
161; 311-320. 
LINDNER, R.C. 1944. Rapid analytical methods for some of the 
more common inorganic constituents of plant tissues. 
Plant Physiol. 1_2: 70-89. 
LIU, W.C. and CARNS, H.R. 1961. Isolation of abscisin an 
abscission accelerating substance. Science. 134; 
384. 
MANSFIELD, T.A. and JONES R.J. 1971. Effect of abscisic acid 
on potassium uptake and starch content of stomatal 
guard cells. Planta 101; 147-158. 
MENARY, R.C. and STADEN, V.J. 1976. Effect of phosphorus 
nutrition and cytokinins on flowering in the tomato 
(Lycopersicon esculentum Mill.) Aust . J. Plant 
Physiol. 2* 201-205. 
MEYYAPPAN, M. , VAIYAPURI, V. and ALAGAPPAN, R.M. 1991. 
Effect of plant growth regulators and micronutrients 
on chlorophyll content and Hill activity in Arachis 
hypoqea L. var. VRI-1. Proc. of Intnl. conf. Plant 
Physiol, pp. 7-11. Banaras Hindu University, Varnasi. 
64 
MILLER, CO., SKOOG, P., OKOMURA, F.S., SALTZA, M.H.V. and 
STRONG, F.M. 1956. Isolation, structure and 
synthesis of kinetin, a substance promoting cell 
division. J. Amer. Chem. Soc. 7^: 1345-1350. 
MILTHORPE, F.L. and MOORBY, J. 1979. "An Introduction to 
Crop Physiology." Cambridge University Press, 
London. 
MORRIS, D.A. and THOMAS, A.G. 1978. Microradiographic study 
of auxin transport in the stem of intact pea 
seedlings (Pisum sativum L.). J. of Experimental 
Botany. ^ : 147-157. 
MULLER, K. and LEOPOLD, A.C. 1966. The Mechanism of kinetin-
induced transport in corn leaves. Planta 68; 
186-205. 
MULLIGAN, D.R. and PATRIC J.W. 1979. Gibberellic acid-
promoted transport of assimilates in stems of 
Phaseolus vulgaris L. Planta 145; 233-238. 
NASON, A. and Mc ELROY, W.D. 1963. Modes of action of the 
essential mineral elements. In: "Plant Physiology A. 
Treatise." Vol.Ill, pp. 451-536. F.C. Steward (ed.) 
Academic Press, New York. 
NELJUBOW, D. 1901. Uber die horizontale Nutation der Stengel 
Von Pisum sativum und einiger Anderer. Pflanzen, 
65 
Beih Bot. Zentralbl. ] ^ : 128-138. (Cited from 
Wilkins, M.B. 1984). 
OKHUMA, K., LYON, J.L., ADDICOTT, F.T. and SMITH, O.E. 1963. 
Abscisin II, an abscision accelarating substance 
from young cotton fruits. Science. 142r 1592-1593. 
PALMER, J.H. and PHILLIPS, I.D.J. 1963. The effect of the 
terminal bud, indole-acetic acid and nitrogen supply 
on the growth and orientation of the petiole of 
Helianthus annuus. Physiol. Plant. 1^; 573-584. 
PANSE, V.G. and SUKHATME, P.V. 1985. "Statistical Methods 
for Agricultural Workers." (4th ed.). Indian Council 
of Agricultural Research, New Delhi. 
PHILLIPS, I.D.J. 1968. Nitrogen, Phosphorus and Potassium 
distribution in relation to apical dominance in 
dwarf bean (Phaseolus vulgaris,cv.Canadian Wonder). J. 
of Experimental Botany, j ^ (60): 617-627. 
PINCUS, G. and THIMANN, K.V. 1948. "The hormones". Academic 
Press, New York. 
PINOL, M.T., PALMER J., ATTABELLA, T., CUSIDO, R. and 
SERRANO, M. 1985. Effect of auxin on alkaloids, 
potassium free aminoacid content in cultural tobacco 
(Nicotiana tabacum cultivar Barley 21) callus. 
Physiol. Plant. 65 (3): 299-304. 
66 
RADFORD, P.J. 1967. Growth analysis formulae their use and 
abuse. Crop Science, 2" 171-175. 
RUSSELL, E.J. 1950. "Soil Conditions and Plant Growth". 
(8th ed.) Longmans, Green and Co., New York. 
SACHS, J. 1860. Berichte Uber die Physiologische Thatigheit 
an der Versuchsstation in Tarandt. IV. Vegetations 
Versuche mit Ausschluss des Bondens Uber die 
Nahrstoffe und sonstigen Ernahrungsbedingungen Von 
Mais, Bohner and anderen pflanzen. Landwirtsch Vers. 
Sta, 2: 219-268. (Cited from Hewitt, E.J. 1963). 
SALAMA, A. and WAREING, P.P. 1979. Effect of mineral 
nutrition on endogenous cytokinins in plants of 
sunflower (Helianthus annuus L.). J. of Experimental 
Botany, 22 (118): 971-981. 
SALISBURY, F.B. and ROSS, C. 1992. "Plant Physiology". 
Prentice-Hall of India, New Delhi. 
SIRCAR, S.M. 1971. "Plant Hormone Research in India." 
I.A.R.I., New Delhi. 
STOPINSKA, J.D. 1986a. Studies on the interaction of growth 
regulators with potassium ions in some physiological 
process in the bean (Phaseolus vulgaris). I. The 
effect of growth regulators on the growth of leaves 
and on the potassium level in leaves and roots. 
Acta. Soc. Bot. Pol. 55(2): 199-208. 
67 
STOPINSKA, J.D. 1986b. Studies on the interaction of growth 
regulators with potassium ions in some physiological 
process in the bean (Phaseolus vulgaris). II. The 
effect of potassium on growth of bean leaves and on 
their potassium and hormone levels, ibid. 55_ (2): 
209-226. 
STOPINSKA, J.D. 1986c. Studies on interaction of growth 
regulators with potassium ions in some physiological 
process in bean (Phaseolus vulgaris). III. The 
effect of growth regulators on growth, chlorophyll 
levels and transpiration depending on potassium 
concentration, ibid. ^  (4): 577-588. 
SUGIHARTO, B., BURNELL, J.N. and SUGIYAMA, T. 1992. 
Cytokinin is required to induce the nitrogen-
dependent accumulation of mRNAs for phosphoenol 
pyruvate carboxylase and carbonic anhydrase in 
detached maize leaves. Plant Physiol. 100; 153-156. 
TAMHANE, R.V., MOTIRAMANI, D.P., BALI, Y.P. and DONA HUE, 
R.L. 1970. "Soils; Their Chemistry and Fertility in 
Tropical India." Prentice-Hall of India. Pvt. Ltd., 
New Delhi. 
TRIPATHI, P.M. 1993. The yellow revolution. Civil Services 
Chronicle. 3 (10): 70. 
68 
WAREING, P.F., and PHILLIPS, I.D.J. 1981. "Growth and Diffe-
rentiation in Plants." Pergamon Press, Oxford. 
WATSON, D.J. 1952. The physiological basis of variation in 
yield. Adv. in Agron. £: 100-145. 
WATSON, D.J. 1958. The dependence of net assimilation rate 
of leaf area index. Ann. Bot. ^ : 37-54. 
WEISS, E.A. 1983. "Oilseed Crops". Published in the United 
State of American by Longman Inc., New York. 
WENT, F.W. and THIMANN, K.V. 1937. "Phytohormones." Mac-
Millan, New York. 
WIESNER, J. 1892. Die Elementarstruktur und das wachstum der 
lebenden substanz. A. Holder, Vienna (Cited from 
Wilkins, M.B. 1984). 
WILLIAMS, I.H. and FREE, J.B. 1979. Compensation of oilseed 
rape {B. napus) plants after damage to their buds 
and pods. J. Ayric, Sci. 9_2J 53-59. 
WRIGHT, S.T.C. and HIRON, R.W.P. 1969. (+)-Abscisic acid, 
the growth inhibitor induced in detached leaves by a 
period of wilting. Nature 224; 719-720. 
WRIGHT, S.T.C. 1969. An increase in the 'inhibitor-B' 
content of detached wheat leaves following a period 
of wilting. Planta. 86: 10-20. 
APPiNOIX 
APPFNOTX 
PREPARATION OF REAGENTS 
The reagents for various chemical determinations will 
be prepared according to the following methods. 
1. Reagents for N/ P and K determination 
a. Nessler's reagent 
3.5 g of potassium iodide will be disssolved in 100 ml 
of distilled water in which 4 per cent mercuric chloride 
solution will be added with stirring until a slight red 
precipitate remained (about 325 ml of the solution will be 
required). Thereafter 120 g of sodium hydroxide with 250 ml 
of distilled water will be added. The volume will be made upto 
1 litre with distilled water. The mixture will be decanted 
and kept in an amber-coloured bottle. 
b. Molybdic acid reagent (2.5%) 
1.25 g of ammonium molybdate will be dissolved in 175 
ml distilled water in which 75 ml of lON-sulphuric acid will 
be added. 
c. Aminonaphthol sulphonic acid 
0.5 g of l-amino-2-naphthol-4-sulphonic acid will be 
dissolved in 195 ml of 15% sodium bisulphite solution to which 
5 ml of 20% sodium sulphite solution will be added. The 
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solution will be kept in an amber-coloured bottle. 
2. Reagents for oil analysis 
a. Hydrochloric acid (0.5N HCl) 
Hydrochloric acid (21.49 ml) will be mixed with 478.51 
ml of double distilled water{DCW)to get 500 ml of 0.5N HCl. 
b. Iodine monochloride solution 
Iodine (13 g) will be dissolved in a mixture of 300 ml 
of carbon tetrachloride and 700 ml of glacial acetic acid and 
the resulting solution will be divided in to solutions A and B. 
To 20 ml of solution A, 15 ml of potassium iodide solution (f) 
and 100 ml of DDW will be added and titrated against O.lN 
soldium thiosulphate solution (g), using starch solution (i) 
as an indicator. Chlorine gas will be passed through solution 
B until the amount of O.lN sodium thiosulphate solution 
required for the titration will not be more than double of 
that needed in solution A. 
c. Phenolphthalein solution 
Phenolphthalein (10 g) will be dissolved in 95% 
ethanol and the volume will be made up to 1 litre. 
d. Potassium hydroxide solution 10.N KOH) 
Potassium hydroxide (5.6 g) will be dissolved in 95% 
ethanol and the volume will be made upto 1 litre. 
H i 
e. Potassium hydroxide solution (0.5N KOH) 
Potassium hydroxide (28 g) will be dissolved in 95% 
ethanol and the volume will be made upto 1 litre. 
f. Potassium iodide solution (KI) 
Potassium iodide (150 g) will be dissolved in DDW and 
the volume will be made upto 1 litre. 
q. Sodium thiosulphate solution (O.lN NagSgO^) 
Sodium thiosulphate (24.8 g) will be dissolved in DDW 
and the volume will be made up to 1 litre. 
h. Solvent mixture 
Ethanol (95%) will be mixed with diethyl ether in 1:1 
ratio. This mixture of solvent will be neutralised just before 
use by means of O.lN KOH solution in the presence of phenol-
phthalein solution as an indicator. 
i. Starch solution 
Soluble starch (1 g) will be dissolved in 100 ml of 
boiling DDW. 
